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1.1/0 UNIT OVERVIEW 


1.1/0 unit overview 


Compact series CPLD devices have configurable high-performance 1/0 units, support multiple I/O 
standards and level standards, and can support high-speed data transmission when used іп 


conjunction with ISERDES/OSERDES. 


Each I/O unit of the Compact series CPLD device contains 1 IO Buffer, 110 Logic and 1 input delay 


module, and the output data also has a delay function. Its structure is shown in Figure 1. 


ІО Logic 


IOLDLY 


ТО Buffer 
Æl 
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2. I/O UNIT DETAILS 


(1) Compact Family CPLD Device I/O Bank Description 


1.1/0 bank distributed 


The I/O of Compact series CPLD devices are distributed according to Bank. In terms of layout, there 
are different numbers of Banks on the 4 sides of the device, and the Banks of different devices are 
shown in Table 1. 


Table 1 Bank resource distribution of Compact series CPLD devices 


I/O BANK RESOURCES PGC1KL PGC1KG PGC2K PGC4K PGC7K 
I/O BANKS LEFT 1 3 3 3 3 
I/O BANKS RIGHT 1 1 1 1 
I/O BANKS UP 1 1 1 1 1 
I/O BANKS UNDER 1 1 1 1 1 
I/O BANKS TOTAL 4 6 6 6 6 


PGC1KL has 4 Banks, one Bank on each side of the top, bottom, left, and right. Its distribution is 
shown in Figure 2. 


Bank 0 
en — 
24 ay) 
= = 
с 15: 
e [sa] 
Bank 2 


Figure 2 PGC1KL bank distribution top view 


PGC1KG, PGC2K, PGC4K, and PGC7K each have 6 Banks, and their distribution is shown in Figure 
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bank 0 


bank 1 


bank 2 


Figure 3 PGC2K/PGC4K/PGC7K bank distribution top view 


2.1/0 bank Voltage 


Each bank is powered by an independent bank power supply VCCIO, which can support 1.2V, 1.5V, 
1.8V, 2.5V and 3.3V. 


The I/O in the bank share one VCCIO, and the VCCIO of different banks can be different. 


The Compact series CPLD devices have certain restrictions on the I/O standards used in the Bank, 
and the output standard voltage must match VCCIO. However, due to the built-in special circuit of 
Compact series CPLD devices, the input standard has certain compatibility with different VCCIOs. See 
Table 2 for the combination mode of mixed voltage input in the same Bank: 


Table 2 List of LVCMOS апа LVTTL Mixed Voltage Input Combinations 


VCCIO (V) INPUT (V) 
1.0 1.2 1.5 1.8 2.5 3.3 
1.2 У " is 
1.5 ма / y? J? ме 
1.8 ГЕ "E J J? J? 
2.5 ү? ГЕ "E "E 7 J? 
33 Jt Jt Jt NE J! Е 


1. When the input level is lower than Bank Voltage VCCIO , called Under-Drive , referred to as UD 


2. When the input level is higher than Bank Voltage VCCIO , called Over-Drive , referred to as OD 


Table 3 Differential Input Mixed Voltage Input Combination List 


VCCIO (У) LVDS/LVPECL33/MLVDS25/BLVDS25/ LVCMOS25D 
2.5 у 
3.3 у 


Any /О standard used in the Bank, its VCCIO level must comply with the limit, and the PDS 
software will check it. 


If VCCIO does not need to be set for a bank, then VCCIO can be connected to an effective power 
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supply voltage. 
(2) IO Buffer. 


Compact series CPLD devices have configurable high-performance 1/0 drivers and receivers, and 
support multiple single-ended and differential input and output standards. The output drive current, 
slew rate, on-chip terminal matching resistance and other characteristics can be programmed and set. 


1. IO Buffer structure 


Each IO Buffer can be configured into different types of 1/0 standards. IO Buffer has 2 golden 
models. 


> 1085 


м [> 


DIFFI_IN 


DIFFO_IN 


— PAD 


| »DIFFI OUT 


Figure 4 IO Buffer golden model (IOBS) 


1085 supports all single-ended input and output standards, supports differential input, and also 
supports dynamic switching of MIPI high-speed and low-speed data transmission. 


> |OBD 
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M 
DIFFILIN | > 
T в я 
E t p NNNM 
o [> | + 7 
С 7» PAD 
| > вв. OUT 


| » DIFFO OUT 


Figure 5 IO Buffer golden model ( IOBD ) 


In addition to the functions of IOBS, IOBD also supports true differential output. The IOBD is only 
distributed on the upper side of the device. 


2. Terminal matching resistance 


When using high-speed I/O standards, in order to meet signal integrity, termination resistors are 
usually used to ensure signal integrity. 


The Compact series CPLD devices provide an internal differential termination resistance of 1000 
and support LVDS and MIPI. Internal differential termination exists only on the lower side of the device 
(Bank2). 


The internal differential terminal matching resistor can be turned on and off dynamically, and it is 
applied to switch between HS (High Speed) and LP (Low Power) input modes of MIPI. When the 
standard is selected as MIPI and the IO Buffer type is input, the dynamic signal M=1, the internal 
differential terminal matching resistor is turned on; М-0, the internal differential terminal matching 
resistor is turned off. 


Internal differential termination resistors are configurable through I/O assignments. When the 
attribute DIFF IN TERM MODE of the I/O pin is set to "ON", the internal differential termination 
resistor is enabled. When making constraints in an FDC file, use the following commands: 


define attribute (p: port name ) (PAP IO DIFF IN TERM MODE) { ON ) 


3. Supported I/Os standard 


The IO Buffer of Compact series CPLD devices supports a wide range of single-ended I/O standards, 
and all 1/05 can be used to form differential pairs that can support many differential signal standards. 
This flexibility allows the user to select the most appropriate I/O standard for each pin to meet 
interface and signal integrity needs. 


The 1/0 standards supported by Compact series CPLD devices are shown in Table 4. 
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Table 4 Compact Series CPLD Supported 1/05 standard 


2.1/0 Unit details 


BUFFER TYPE 


І/О STANDARD 


UP 


DOWN 


INPUT 


LVTTL33 


г 


LVCMOS33 


LVCMOS25 


LVCMOS18 


LVCMOS15 


LVCMOS12 


24 2 2 << < 


2424 4 << << 


РСІЗЗ 


LVDS 


LVPECL33 


MLVDS25 


BLVDS25 


LVTTL33D 


LVCMOS33D 


LVCMOS25D 


МІРІ" 


00ТРОТ 


LVTTL33 


LVCMOS33 


LVCMOS25 


LVCMOS18 


LVCMOS15 


LVCMOS12 


24 2 2 4 4 4 4 4 2 42 2 < < 


ааа ааа 2 2 < < 


ааа ааа 2 2 << 4 


РСІЗЗ 


224 24 2 2 2 ааа 5 5 23 2 2 24 < << < < 45 


LVDS 


LVPECL33* 


MLVDS25 * 


BLVDS25 * 


LVTTL33D 5 


LVCMOS33D ° 


LVCMOS25D 5 


214 24 2 << |4 


24 4 2 |4 << 


2 2 2 2 << 


MIPI2 - 


LVDS25E 3 


TWO-WAY 


LVTTL33 


LVCMOS33 


LVCMOS25 


LVCMOS18 


LVCMOS15 


LVCMOS12 


223 4 2 4 4 2 2 ааа 2 24 < < 


22 4 2 << < 


2124 4 2 4 2 2 


РСІЗЗ 


LVCMOS33D 


г 


LVCMOS25D 


МІРІ“ 


ааа << 2 2 < 
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1. Use differential input buffer to realize unidirectional input Н5-МІРІ 

2. Using LVDS25E and external resistors to achieve unidirectional output Н5-МІРІ 

3. Use a single-ended driver plus an external resistor to simulate the differential output level 
4. Unidirectional HS-MIPI, bidirectional LP-MIPI 

5. Analog differential output using two single-ended drivers with complementary outputs, 


signal level is LYCMOS, no external resistors required 


PCI33 (Peripheral Component Interface): This standard supports PCI bus applications, requires 
3.3V VCCIO for output, and does not require reference voltage and termination voltage VTT. 


LVTTL33 (Low-Voltage TTL): 3.3V standard defined by JESD, 3.3V VCCIO is required for output, no 
reference voltage and termination voltage are required. 


LVCMOS (Low-Voltage CMOS): A low-voltage CMOS standard with an application voltage range 
from 1.2V to 3.3V. Reference voltage and termination voltage are not required. 


LVDS (Low Voltage Differential Signal): A differential standard, one data bit is transmitted through 
two signal lines, so it has inherent immunity to noise compared to single-ended 1/0 standards. Тһе 
voltage swing between the two signal lines is about 350mV. Reference voltage and termination voltage 
are not required. The LVDS input terminal needs a matching resistor, which can be a discrete resistor 
on the PCB, orthe internal differential terminal matching resistor of the device can be enabled through 
the DIFF IN TERM MODE attribute. Only the upper bank of the CPLD device supports true differential 
output. 


SLVS is a regulated low-voltage signal applied to the MIPI D-PHY input interface. 


LVPECL33 (Low Voltage Positive Emitter-Couple Logic): Low Voltage Positive Emitter Coupled 
Logic, commonly used in clock distribution networks on boards. 


MLVDS25 (Multipoint Low Voltage Differential Signaling): It is used to optimize multipoint 
interconnection applications. Multipoint applications refer to interconnection applications with 
multiple drivers or receiving devices sharing a single physical link. They are used as bidirectional 
multipoint drivers. Outputs the case of input differential signals. The I/O itself does not support this 
kind of output standard, and it needs to be realized with the help of the complementary output 
principle of LVCMOS and the external resistance of the device. 


BLVDS25 (Bus Low Voltage Differential Signaling): It is an output standard similar to the MLVDS25 
standard, and it is also used as a case where a bidirectional multi-point drive output input differential 
signal is required. The difference between the two is that MLVDS25 is an industry standard, and the 
differential amplitude of MLVDS25 is larger than that of BLVDS25, and requires higher current drive 
capability. The 1/О itself does not support BLVDS25, and needs to be realized with the help of the 
complementary output principle of LVCMOS and the external resistance of the device. 


The I/O standard can be constrained in the FDC file or operated on the UCE interface of the PDS 
through the following statement. 


define attribute [p:port пате (PAP IO STANDARD) ( LVCMOS33 } 
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4.10 Buffer Power introduction 


The IO Buffer of the Compact series CPLD device is powered by a mixture of VCCCORE and VCCIO. 
Among them, VCCCORE is used as the core voltage, which is mainly used to supply power to the control 
logic circuit of IO Buffer and most circuits of IO Logic; VCCIO is independently powered in each Bank, 
mainly to supply power to the output drive circuit and input buffer. The characteristic values of the 
input and output standards powered by VCCIO will change with the change of VCCIO voltage. The 
description of the voltage parameters is shown in Table 5. 


Table 5 IO Buffer power supply 


VOLTAGE VALUE VARIATION UNIT NOTE 
RANGE 
VCC CORE 1.2 +/- 596 V CPLD core voltage 
VCCIO 1.2/1.5/1.8/2.5/3.3 +/- 596 V МО Bank voltage 
V SS 0 +/- 596 V land 


5. Hot Plug Support 


Each IO Buffer of the Compact series CPLD device supports the hot-swap function, which prevents 
the current from flowing into the device substrate from the pin when the device power supply voltage 
is lower than the external input signal level, resulting in latch-up. 


Table 6 Hot Swap Electrical Parameters 


SYMBOL DESCRIPTION CONDITION MINIMUM VALUE MAXIMUM VALUE 
lus Input or output leakage current during | O«V IN «V IH (max) - 1200 uA +1200 рА 
hot plugging 


6. BUS KEEPER Characteristic 


The main function of the BUS KEEPER circuit is to keep the data state of the current I/O until the 
next I/O data is valid. Each I/O has an independent BUS KEEPER function, and usually has four 
programmable working modes, PULLUP (weak pull-up), PULLDW (weak pull-down), KPR (output hold) 
and UNUSED (floating). 


The BUS KEEPER feature can be edited in the FDC file or operated in the UCE of the PDS through 
the following statement. 


define attribute {р:рогі name) (PAP IO UNUSED} {TRUE} 


7. Input Hysteresis Characteristics 


Except for LVCMOS12, the 1/0 standards supported by the Compact family of CPLD devices all 
support input hysteresis. The single-ended input hysteresis can be programmed in the following 
modes: HYS and NOHYS (no hysteresis); differential input hysteresis is a fixed value. 


The input hysteresis characteristics can be edited in the FDC file or operated in the UCE of the PDS 
by the following statement. 
define attribute (p:port name) (PAP IO HYS DRIVE MODE) {NOHYS} 
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8. Programmable output drive capability 


The Compact series CPLD devices support programmable 1/О output drive capability, detailed 
information is shown in Table 7. 


Table 7 1/0 output standard drive capability 


BUFFER TYPE I/O STANDARD DRIVE CAPABILITY (МА) VCCIO (V) 
LVTTL33 4,8,12,16 3.3 
LVCMOS33 4,8,12,16 3.3 
LVCMOS25 4,8,12 2.5 
LVCMOS18 4,8,12 1.8 
EE LVCMOS15 4,8 1.5 
LVCMOS12 2,6 1.2 
MIPI 6 1.2 
PCI33 4,8,12,16 3.3 
LVDS 2,2.5,3,3.5,4 2.5,3.3 
LVDS25E 8,12 2.5 
LVPECL33 16 3.3 
MLVDS25 12 2.5 
DIFFERENTIAL pee T Е 
LVTTL33D 4,8,12,16 3.3 
LVCMOS33D 4,8,12,16 3.3 
LVCMOS25D 4,8,12 2.5 


The output drive capability of I/O can be constrained in the FDC file through the following 
statement, or operated on the UCE interface of PDS. 


define attribute {р:рогі пате} (PAP IO DRIVE) {4} 


9. Open-Drain control 


The single-ended output drive circuit of each IO Buffer can independently support the Open-Drain 
function under the LVCMOS and LVTTL standards, and a pull-up resistor needs to be added outside the 
pin. 


The control of Open-Drain includes opening and closing, ie ON and OFF. The control of Open-Drain 
can be constrained in the FDC file through the following statement, or constrained in the UCE interface 
of PDS. 


define attribute [p:port пате (PAP IO OPEN DRAIN] {OFF} 


10. Programmable slew rate 


According to the requirements of reducing output noise or improving high-speed output 
performance, the output driver of each I/O has a programmable slew rate control setting, which is 
used to provide output slew rate control for the output. The slew rate control of each I/O is 
independent. The parameters that can be set are: "FAST" and "SLOW". 
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The programmable slew rate can be constrained in the FDC file through the following statement, 
or constrained in the UCE interface of the PDS. 


define attribute { p:port name } {PAP_IO_SLEW} {FAST}. 


11. Class differential output implementation 


In the I/O circuit design of CPLD, LVDS can realize the real differential output through the 
differential output driving circuit, so the buffer of this kind of differential output does not need to add 
resistance outside the driving circuit. The output of LVPECL33, MLVDS, and BLVDS requires an external 
resistor connection to achieve a differential output. 


All pairs of single-ended 1О Buffers can support differential output with different data rates 
together with external resistors. The specific speed depends on the speed that can be achieved by the 
single-ended IO Buffer finally adopted by each output standard. 


> Class differential output---LVPECL33 


The LVPECL33 output is mainly used in point-to-point applications, and the most common 
application example is the clock distribution network on the board level. Figure 6 shows a possible 
implementation of LVPECL33 in point-to-point applications. 


VCCIO=3.3V 
RS 
16mA АЛУ, * в 1 
VCCIO=3.3V 2 КР Шо 2 > 
RS 
16mA үү e e [ 
Diff resistance typical 100 ohms 
= > dM > 
In-chip Offchip Inchip 


Figure 6 LVPECL Example of peer-to-peer output 


> Class differential output --- MLVDS25 


The MLVDS25 is used in situations where bidirectional multipoint drive output and input 
differential signals are required. The 1/0 itself does not support this kind of output standard, and it 
needs їо be realized with the help of the complementary output principle of LVCMOS and the external 
resistance of the device. The differential amplitude of MLVDS25 is larger than that of BLVDS25 and 
requires higher current drive capability. Figure 7 shows a typical application of MLVDS25 multipoint 
configuration. 
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Figure 7 MLVDS25/BLVDS25 Example of peer-to-peer output 


> Class differential output --- BLVDS25 


BLVDS25 is an output standard similar to the MLVDS25 standard and is also used in cases 
where a bidirectional multipoint drive output input differential signal is required. The 
difference between the two is that MLVDS25 is an industry standard, and the differential 
amplitude of MLVDS25 is larger than that of BLVDS25, and requires higher current drive 
capability. The implementation method is consistent with MLVDS25, and the circuit structure is 
shown in Figure 7. 


> Class differential output---LVDS25E 
The 2.5V class differential LVDS25E output is implemented using LVCMOS complementary 


output, and Figure 8 shows an example of an LVDS25E implementation. 


VDDIO-2.5V | | 

І І 

І І 

| RS | 

m Мис» --0 

| | 

| RT=100 | 

№ VDDIO=2.5V | КР | 
| : d 

NE. | 

m MY ии 

| Жат 2 YF Н PR f. 100 KK HE | 

І І 

«4———— | > «————— | > 
кй | К^ | HW 
Figure 8 LVDS25E Example of peer-to-peer output 
https://innek.ru Compact Series CPLD Input Output Interface (IO) 


18/ 49 User Guide 


#0 Utd 314 2. I/O Unit details 
12. MIPI way of realizing 


1) 41/0 cells for MIPI input 


Using LVCMOS25D and external resistors, unidirectional HS-MIPI input can be realized through 2 
МО units, and bidirectional LP-MIPI can be realized through 2 I/O units using ІУСМО0512. The block 
diagram of the structure is shown in Figure 9. 


OA | | LP data 1 
| оп | о 
| | м 
| LVCMOS12 | IOL 
500 | » | 
ІОВ 
500 
МІРІ D-PHY 
| ИА Иов о сы. м 
ТХ демсе || t lis dats IOL 
56б LVCMOS25 > — | 
/ос 
jx ! лов 
ПА 
IOL 
о 271407 | 7027 
| | Р- | 
LVCMOS12 | м IOL 
| о 
уор LP data T 
on 
A ІОВ 
гесемег 


Figure 9 41/0 Unit implements МІРІ Input ( HS/LP ) 


2) 2 1/O units for МІРІ input 


Unidirectional HS-MIPI input can be achieved using МІРІ and 2 1/0 units; bidirectional LP-MIPI сап 
be achieved using LVCMOS12 and the same pair of I/O units, Н5-МІРІ and LP-MIPI share a pair of I/O 
units. The structural block diagram is shown in Figure 10. 
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500 
m0 iI O 
MIPI D-PHY 500 
TX device 0 | 


2. I/O Unit details 


т 
о 
| | м 
HS& LP data | IOL 
де Т» 
MIPI 
ІОВ 
| 
м 
»- | 
LVCMOS12 IOL 
- | 
т 
| IOB | 
$70 "receiver 


Figure 10 2 I / O Unit implements МІРІ Input ( HS/LP ) 


3) 4 I/O cells for МІРІ output 


Using LVCMOS25D and external resistors, HS-MIPI output can be realized through 2 1/0 units; LP- 
МІРІ output can be realized using IVCMOS12 and 2 1/0 units, the block diagram is shown in Figure 11. 
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13. GTP basic prototype of IO Buffer 


2 


Figure 1141/0 Unit implements МІРІ Output ( HS/LP ) 


. I/O Unit details 


The PDS software library contains IO Buffer related GTP to support different I/O standards. 


1) Single-ended 1/0 common GTP description 


The following GTPs are the most common among single-ended 1/0 standards. 


СТР INBUF 


Table 8 GTP for single-ended 1/0 


Single-ended input signals 
must go through 
INBUF 


СТР INBUFE 


Single-ended input buffer 
with enable control signal 


о 
ЕМ 


СТР ІМВОҒС 


INBUFG is the same as 

INBUF, and is generally 

used to transmit single- 
ended clock signals 


GTP_IOBUF_RX_MIPI 


Support МІРІ DPHY high- 
speed (HS) input, and 
single-ended input and 
output in low power 
mode (LP) 
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GTP_IOBUF_TX_MIPI Support MIPI DPHY tri- о <] 
state output, including 7 
input, output and о < +} «| 


Differential output іп 


high-speed (HS) mode, 4 
and the two modes сап ре 
switched freely according) м 
to actual applications 
| HS 
11Р 4 <--т->ю 
<-т > 0в 
IB LP 
в > 


GTP OUTBUF Support single-ended 
input and output signals 
1 о 


GTP_OUTBUFT Used to achieve three- 
state output 1 


о 
GTP_IOBUF Support single-ended 
bidirectional function 10 
1 
т 


> GTP_INBUF 


port description is shown in Table 9. 
Table 9 GTP INBUF port description 


о output input buffer The output is sent to the fabric 


The parameter description is shown in Table 10. 
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Table 10 GTP_INBUF Parameter Description 


IOSTANDARD string See Table 11| "LVCMOS33" Input ИО standard 


The optional configuration properties of parameters are shown in Table 11. 


Table 11 GTP_INBUF Parameter configuration list 


LVTTL33/ PCI33/ LVCMOS33/ LVCMOS25/ LVCMOS18/ LVCMOS15/ LVCMOS12 


> GTP_INBUFG 


Port descriptions are shown in Table 12. 


Table 12 GTP_INBUFG port description 


I input PAD signal input 


0 output buffer Output, sent to fabric 


The parameter description is shown in Table 13. 


Table 13 GTP_INBUFG Parameter Description 


IOSTANDARD string See Table 14 "LVCMOS33" Input 1/ О standard 


The list of valid values for parameter configuration is shown in Table 14. 


Table 14 GTP. INBUFG list of valid values for the parameter 


LVCMOS33/ LVCMOS25/ LVCMOS18/ LVCMOS15/ LVCMOS12 


> GTP INBUFE 


Port descriptions are shown in Table 15. 


Table 15 GTP. INBUFE port description 


| їприї Single-ended signal input 
о output input buffer Output, sent to fabric 
EN input input buffer Enable control signal, 0 close the input buffer 
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The parameter description is shown in Table 16. 


Table 16 GTP_INBUFE Parameter Description 


2.1/0 Unit details 


IOSTANDARD 


string 


See Table 17 


"DEFAULT” (LVCMOS33 ) 


Input ИО standard 


The list of valid values for parameter configuration is shown in Table 17. 


Table 17 GTP_INBUFE list of valid values for the parameter 


LVTTL33/ PCI33/ LVCMOS33/ LVCMOS25/ LVCMOS18/ LVCMOS15/ LVCMOS12 


> GTP_OUTBUF 


Port descriptions are shown in Table 18. 


Table 18 GTP_OUTBUF port description 


input 


Single-ended signal input 


output 


buffer output 


parameter description is shown in Table 19. 


Table 19 GTP_OUTBUF Parameter Description 


IOSTANDARD string See Table 20 "LVCMOS33" Input I/O standard 
SLEW_RATE string "SLOW", "FAST" "SLOW" Slew rate 
DRIVE_STRENGTH string "2", "4", "6", "8", "12", "16" "8" Опме сиггепї 


intensity 


valid value list of parameters is shown in Table 20 shown. 


Table 20 GTP_OUTBUF list of valid values for the parameter 


LVTTL33 FAST/SLOW 

РСІЗЗ FAST/SLOW пд", "8", "12", "16" 
LVCMOS33 FAST/SLOW 
LVCMOS25 FAST/SLOW DIL "12" 
LVCMOS18 FAST/SLOW 
LVCMOS15 FAST/SLOW "4" "g", 
LVCMOS12 FAST/SLOW "2", "6" 
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> GTP IOBUF RX МІРІ 


port description is shown іп Table 21 shown. 


Table 21 GTP_IOBUF_RX_MIPI port description 


| LP input LP The input signal to the single-ended output buffer in mode, from the fabric 
IB LP input LP The input signal to the single-ended output buffer in mode, from the fabric 
m input Mode selection signal . 1: HS mode, differential input; O : LP mode, single-ended input. from 
fabric 
T input Single-ended output enable signal, O When IO as output, 1 When IO as input 
TB input Single-ended output enable signal, O When IOB as output, 1 When IOB as input 
O HS output Differential output ( HS ) to fabric 
O LP output Single-Ended Output ( LP ) 
OB LP output Single-Ended Output ( LP ) 
IO two-way P terminal differential input ( HS mode ) , or single-ended input and output ( LP mode ) 
ІОВ two-way N terminal differential input ( HS mode ), or single-ended input and output ( LP mode ) 


parameter description is shown in Table 22 shown. 


Table 22 GTP. IOBUF. RX MIPI Parameter Description 


IOSTANDARD string "МІРІ", "DEFAULT" "DEFAULT" ( МІРІ) Input I/O Standard, VCCIO-1.2V 
DRIVE_STRENGTH string "2" "6" "6" Drive current intensity 
SLEW_RATE string "SLOW" , "FAST" "SLOW" Slew rate 
TERM DIFF string "ОМ", "OFF" "OFF" Built-in termination resistor on or 
off 


» GTP OUTBUFT 


port description is shown in Table 23. 


Table 23 GTP. OUTBUFT port description 


| input Single-ended signal input 
о output buffer output 
input Three-state output enable signal , active low 


parameter description is shown in Table 24. 
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Table 24 СТР OUTBUFT Parameter Description 


I/O Unit details 


IOSTANDARD string See Table 25 "LVCMOS33" | Input I/O standard 
SLEW_RATE string "SLOW" , "FAST" "SLOW" Slew rate 
DRIVE_STRENGTH string "2", "4", "6", "8", "12", "16" "8" Опме сиггепї 
intensity 


valid value list of parameters is shown in Table 25. 


Table 25 GTP_OUTBUFT list of valid values for the parameter 


LVTTL33 FAST/SLOW 
РСІЗЗ FAST/SLOW "4", "8", "12", "16" 
LVCMOS33 FAST/SLOW 
LVCMOS25 FAST/SLOW "4", "8", "12" 
LVCMOS18 FAST/SLOW 
LVCMOS15 FAST/SLOW па" "g" 
LVCMOS12 FAST/SLOW "2" "g" 


» GTP IOBUF TX MIPI 


port description is shown in Table 26 shown. 


Table 26 СТР IOBUF TX MIPI port description 


| HS input Input signal to differential output buffer from IO logic 
| LP input LP The input signal to the single-ended output buffer in mode, from the IO logic 
IB LP input LP The input signal to the single-ended output buffer in mode, from the IO logic 
m input Mode selection signal. 1: HS mode, differential output; 0 : LP mode, single-ended input and 
output. from IO logic 
T input Differential and single-ended output enable signals 
TB input Single-ended output enable signal 
O LP output Single-Ended Output ( LP ) 
OB LP output Single-Ended Output ( LP ) 
IO two-way P terminal differential output or input 
IOB two-way N terminal differential output or input 


parameter description is shown in Table 27. 
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Table 27 GTP_IOBUF_TX_MIPI Parameter Description 


2. I/O Unit details 


IOSTANDARD string " DEFAULT ","MIPI" "DEFAULT" ( MIPI ) Input I/O Standard, VCCIO=1.2V 
DRIVE_STRENGTH string "2" "6" "6" Drive current intensity 
SLEW_RATE string "SLOW" , "FAST" "SLOW" Slew rate 
TERM DIFF string "ОМ", "OFF" "ON" Built-in termination resistor on 
or off 
» GTP IOBUF 


port description is shown in Table 28 shown. 


Table 28 GTP. IOBUF port description 


| input Single-ended signal input 

о output input buffer The output is sent to the fabric 
T input Enable output buffer , active low 
(0) two-way PAD 


parameter description is shown in Table 29 shown. 


Table 29 GTP_IOBUF Parameter Description 


IOSTANDARD string See Table 30 LVCMOS33 Input 1/ О standard 
SLEW RATE string "SLOW", "FAST" "SLOW" Slew rate 
DRIVE STRENGTH string "2", "4", "6", "8", "12" "16" "8" Drive current intensity 


valid value list of parameters is shown in Table 30. 


Table 30 GTP_IOBUF list of valid values for the parameter 


LVTTL33 FAST/SLOW 

РСІЗЗ FAST/SLOW "4", "8", "12", "16" 
LVCMOS33 FAST/SLOW 
LVCMOS25 FAST/SLOW "д". igu nga 
LVCMOS18 FAST/SLOW 
LVCMOS15 FAST/SLOW "g" "g" 
LVCMOS12 FAST/SLOW "3" "б" 
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2) Common GTP description of differential 1/0 


Table 31 lists the most commonly used GTPs for differential 1/0. 


GTP. INBUFDS 


Table 31 GTP for Differential I/O 


Support differential input function, 
INBUFDS there are 2 input | and IB, 
respectively represent the P of the 
differential pair Channel input pins and N 
channel input pins 


2.1/0 Unit details 


GTP_INBUFEDS 


Differential input buffer with enable 
control signal 


GTP_INBUFGDS 


Supports differential input for clock 


GTP_OUTBUFCO 


Support class differential output drive 
function 


"ML 
г ` 


GTP_OUTBUFTCO 


Support class differential output drive 
function and tri-state enable 


GTP_OUTBUFDS 


"LVDS" 


Support true differential output function. 
Supported 105 Тһе output standard is : 


GTP_OUTBUFTDS 


"LVDS" 


Support true differential output function. 
Supported 105 Тһе output standard is : 
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Se 


m———————— 
- EN 

^ 
PPP eee 


GTP IOBUFCO 
= Support single-ended input, class | Юю 
differential output drive function 
Чы РЖ | 
рр и 
| <-> тов} 
> GTP_INBUFDS 
port description is shown in Table 32. 
Table 32 GTP_INBUFDS port description 
| input P terminal differential input 
IB input N terminal differential input 
о output Differential output, sent to fabric 
parameter description is shown in Table 33. 
Table 33 GTP_INBUFDS Parameter Description 
IOSTANDARD string See Table 34 "DEFAULT" ( LVDS ) Input I/O standard 
TERM_DIFF string "ON", "OFF" "ON" For differential input, the built-in terminal 
matching resistor is turned on or off 


valid value list of parameters is shown in Table 34. 


Table 34 Differential input GTP List of valid values for the parameter 


LVDS / LVPECL / BLVDS / RSDS / LVCMOS33D / LVCMOS25D / DEFAULT 
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> GTP_INBUFEDS 


port description is shown in Table 35. 


Table 35 GTP_INBUFEDS port description 


| ют | DIRECION — | FUNCTIONAL DESCRIPTION (0 
| їприї Р terminal differential input 
IB input N terminal differential input 
о output Differential output, sent to fabric 
EN input input buffer Enable control signal, high effective 


parameter description is shown in Table 36. 


Table 36 GTP_INBUFEDS Parameter Description 


IOSTANDARD string See Table 34 "DEFAULT" ( LVDS ) Input I/O standard 
TERM_DIFF string "ON", "OFF" "ON" For differential input, the built-in terminal 
matching resistor is turned on or off 


> GTP_INBUFGDS 


port description is shown in Table 37. 


Table 37 GTP_INBUFGDS port description 


| їприї Р terminal differential input 
IB input N terminal differential input 
о output Differential output, sent to fabric 


parameter description is shown in Table 38. 


Table 38 GTP_INBUFGDS Parameter Description 


IOSTANDARD string See Table 34 "DEFAULT" ( LVDS ) Input I/O standard 
TERM_DIFF string "ON", "OFF" "ON" For differential input, the built-in terminal 
matching resistor is turned on or off 


> GTP_OUTBUFCO 


port description is shown in Table 39 shown. 
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Table 39 GTP_OUTBUFCO port description 


| їприї Single-ended signal input 
о output Class differential output P end 
OB output class differential output N end 


parameter description is shown in Table 40. 


Table 40 GTP_OUTBUFCO Parameter Description 


IOSTANDARD string See Table 41 "LVCMOS33D" Output 1/0 
standard 


valid value list of parameters is shown in Table 41. 


Table 41 Class differential output GTP List of valid values for the parameter 


RSDS / LVPECL / MLVDS / BLVDS / LVCMOS33D / LVCMOS25D / LVDS25E / DEFAULT 


» GTP OUTBUFTCO 


port description is shown in Table 42 shown. 


Table 42 GTP. OUTBUFTCO port description 


| input Single-ended signal input 

О output Class differential output P end 
OB output class differential output N end 
T input Three-state enable, active low 


parameter description is shown in Table 43. 


Table 43 GTP_OUTBUFTCO Parameter Description 


IOSTANDARD string See Table 41 "LVCMOS33D" Output 1/0 
standard 
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> GTP_OUTBUFDS 


port description is shown in Table 44 shown. 


Table 44 GTP_OUTBUFDS port description 


| їприї Single-ended signal input 
о output True differential output of P end 
OB output N of true differential output end 


parameter description is shown in Table 45. 


Table 45 GTP_OUTBUFDS Parameter Description 


IOSTANDARD string "LVDS" "LVDS" Output I/O standard 


> GTP_OUTBUFTDS 


port description is shown in Table 46. 


Table 46 GTP_OUTBUFTDS port description 


| їприї Single-ended signal input 

о output True differential output of P end 
OB output N of true differential output end 

T input Three-state enable signal, active low 


parameter description is shown in Table 47. 


Table 47 GTP_OUTBUFTDS Parameter Description 


IOSTANDARD string "LVDS" "LVDS" | Output I/O standard 
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> GTP_IOBUFCO 


port description is shown in Table 48 shown. 


Table 48 GTP_IOBUFCO port description 


2.1/0 Unit details 


PORT DIRECTION FUNCTIONAL DESCRIPTION 
| їприї Single-ended signal input 
о output input buffer Output, sent to fabric 
T input enable output buffer 
(0) two-way P of the differential signal end 
ІОВ two-way Differential Signal N end 


parameter description is shown in Table 49. 


Table 49 GTP_IOBUFCO Parameter Description 


PARAMETER PARAMETER EFFECTIVE VALUE DEFAULTS FUNCTIONAL DESCRIPTION 
NAME TYPE 
IOSTANDARD string See Table 41 "LVCMOS33D" МО standard 
TERM DDR string "ON", "OFF" "ON" Built-in terminating resistor 
on or 
closure 


(3) IO Logic 


ІО Logic manages whether the IO Buffer outputs or receives signals from CPLD pins. IO Logic 
includes input registers, output registers and tri-state registers, and supports functions such as IDDR 


and ODDR. 


1. Input register 


The input registers support the following functions: 


Supports both SDR and DDR transfer modes, where SDR supports flip-flops and 


latches 


Support synchronous/asynchronous reset/set operation 


Supports clock gating with asynchronous reset 


Support clock polarity selection 


Support reset/set polarity selection 


Supports dynamic and static enable of clocks 


Support bypass input register, direct input 


Supports MIPI input (HS and LP) 


The input register SDR flip-flop mode can be implemented by Verilog/VHDL code, taking Verilog 
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as an example: 
always @ (posedge CLK) 
Q1 <= р; 


At the same time, you need їо check under the "IO_REGISTER" attribute of the corresponding 
input IO т UCE>>Device>>I/O: 


ТО REGISTER 
М) 


Timing diagram for input register SDR flip-flop mode: 
D Ха X b X c X d Х e X t XE X h X 
CLK / X _/ А Уи 
Q1 Ха X b X с X d X е X f X Е Xh 


Figure 12 Input register SDR Timing Diagram of Trigger Mode 


The input register SDR latch mode can be implemented by Verilog/VHDL code, taking Verilog as 
an example: 


always @ (*) 
Q1 =D; 
It is also necessary to check the "IO_REGISTER" attribute of the corresponding IO. 


Timing Diagram for Input Register SDR Latch Mode: 


D Ха X b X € X d X е X f X ЕХ h^ X 
ск г у ААА и 
о - ха ж в ХХ с хо чо х ех Е у я у Х 


Figure 13 Input register SDR Latch Mode Timing Diagram 


The DDR mode of the input register can be realized through the dedicated primitive GTP_IDDR 
provided by the PDS software library, and the instantiation method is as follows 


shown below. 
GTP_IDDR# 


( 
.GRS_EN("TRUE" ), //"TRUE", "FALSE" 
„В5 ТҮРЕ("А5ҮМС SET") 
//"SYNC SET","ASYNC SET","SYNC RESET","ASYNC RESET" 
) gtp iddr inst ( 
D (d), 
.CE ( ce ), 
.К5 ( rs ), 
„ск ( clk ), 
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.00 ( qe ), 
.01 ( (1) 
); 


The parameter description of СТР IDDR is shown in Table 50.. 


Table 50 СТР IDDR Parameter Description 


GRS EN string "TRUE" ,"FALSE" "TRUE" Global reset enable, "TRUE" means 
valid 
"SYNC. SET", 
"ASYNC SET", 
RS TYPE string "SYNC RESET", "ASYNC SET" Reset / Set Mode Selection 
"ASYNC RESET" 


GTP IDDR The signal description is shown in Table 51. 


Table 51 GTP IDDR Signal Description 


D. input 1 input data port 

CE input 1 Clock enable signal, active high 
RS input 1 Set / reset signal, active high 
CLK input 1 system clock 

Q0 output 1 deserialized data output 
Q1 output 1 deserialized data output 


Input register DDR Mode ( IDDR ) Timing Diagram: 

D 
CLK 7 “-/- У — ЧИ “--/ YF wes “уг YF 
БЕДА 
RS \ 


а хх by d XX h X j X ! X n X P ) 
о Хах с Хе X в X i Хк X m X o ) 


Figure 14 СТР IDDR ( IDDR ) Timing Diagram 


2. Output register 


The output registers support the following functions: 
e Support both SDR and DDR modes 
e Support synchronous/asynchronous reset/set operation 
e Supports clock gating with asynchronous reset 
e Support clock polarity selection 
e Support reset/set polarity selection 
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е Supports dynamic and static enable of clocks 
e Support output register bypass, direct output 
• Supports МІРІ output (HS and LP) 


The output register SDR flip-flop mode can be implemented by Verilog/VHDL code, taking Verilog 
as an example: 


always @ (posedge CLK) 
О <= DO; 
At the same time, you need to check the "IO REGISTER" attribute of the corresponding output IO. 


Timing diagram for output register SDR flip-flop mode: 


DO Ха X b X с X d X е X f X Е X h X 
CLK А \ Sf А / ` \ 
а А а А b X c у d X e X t у Е NA 


Figure 15 Output register SDR Timing Diagram of Trigger Mode 


The output register DDR mode can be implemented through the dedicated primitive GTP_ODDR 
provided by the PDS software library, and the instantiation method is as follows. 
GTP_ODDR# 
( 
.GRS_EN("TRUE" ), //"TRUE", "FALSE" 
„В5 ТҮРЕ("А5ҮМС SET") 
//"SYNC SET","ASYNC SET","SYNC RESET","ASYNC RESET" 
) gtp oddr inst ( 
.De ( de ), 
.D1 (41), 
„СЕ ( се), 
-К5 ( rs ), 
ЖІК ( clk ), 
Q(q) 
); 


The parameter description of GTP_ODDR is shown in Table 52. 
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Table 52 GTP_ODDR Parameter Description 


2. I/O Unit details 


GRS_EN string "TRUE"," FALSE" "TRUE" Global reset enable, "TRUE" means 
valid 
"SYNC_SET", 
"ASYNC_SET", 
RS_TYPE string "SYNC_RESET", "ASYNC_SET" Reset / Set Mode Selection 
"ASYNC_RESET" 


The signal description of GTP_ODDR is shown in Table 53. 


Table 53 GTP_ODDR Signal description 


DO input 1 input data port 

D1 input 1 input data port 

CE input 1 Clock enable signal, active high 
RS input 1 Set / reset signal, active high 
CLK input 1 system clock 

Q output 1 serial data output 


Output register DDR Mode ( ODDR ) Timing Diagram: 


ААДА ААА ААА 


о — 
WO 


КА X X AKakbXeXKadXeXfXeXhXixXiXk X 1 Xm) 


[01,00] 
CLK 


CE 
RS 


Q 


3. Tri-state register 


Figure 16 GTP_ODDR (ODDR) Timing Diagram 


Tri-state registers support the following functions: 


Support both SDR and DDR modes 


Support synchronous/asynchronous reset/set operation 


Supports clock gating with asynchronous reset 


Support clock polarity selection 


Support reset/set polarity selection 


Supports dynamic and static enable of clocks 


Support output register bypass, direct output 


Support class differencing 
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When instantiating GTP_OUTBUFT, GTP_OUTBUFTCO or GTP_OUTBUFTDS, and checking the 
"IO REGISTER" attribute of the corresponding 1/0, the tri-state register SDR trigger mode can be 
realized. Timing diagram for tri-state register SDR flip-flop mode: 


TDO Xa X. b X. су d же x ҒХЕ X h X 
CLK ОА ù b N ААА ОА 
та Х а Х b X С А а Х e X f X в Ха 


Figure 17 Three-state register SDR Timing Diagram of Trigger Mode 


The tri-state register DDR mode can be realized by calling СТР ODDR, and the PDS software will 
map D1 and DO to TD1 and ТОО respectively, and map Q to TD in the underlying circuit according to 
the actual situation. The timing diagram of the tri-state register DDR mode: 


[TD1,TDO] Х ba X dc X fe X № X | X ІК X nm X po X 
к | АА 
СЕ 
RS Б 


то ХХ X X Ха X bX eX dX eX FfXegeXhXiXjiXkXixXmXn 


Figure 18 Three-state register DDR Mode Timing Diagram 


(4) I/O Input and output delay module 


Each I/O unit of the Compact series CPLD device contains ап 1/0 input and output delay module. 
There are two types of I/O input and output delay modules, IOLDLY and IOLDLYS. IOLDLY can support 
both dynamic and static input and output delay control, and is only located in the I/O unit on the lower 
side of the device; IOLDLYS only supports static configuration delay functions, and is located on the 
left, right, and upper sides of the device. 


The I/O input and output delay supports a total of 32 step adjustments (0-31), each step is 100ps, 
so the maximum delay that can be provided is 3100ps. 


The PDS software library provides special primitives for users to use the I/O input and output delay 
module conveniently. Users can instantiate the GTP IODELAY E1 prototype module in the source 
code (Verilog/VHDL) to realize the input and output delay control function. The Verilog instantiation 
template is shown below. 


GTP IODELAY Е1# 

( 

.DELAY STEP VALUE ( 5`hO ), // 5'hO ~ 5^h1F 

.DELAY STEP SEL ("PARAMETER") //"PARAMETER", "PORT" 
)gtp iodelay e1 inst ( 

.DI (di), 

.DELAY STEP ( delay. step ), 
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.DO ( до) 

); 

The functional block diagram of GTP_IODELAY_E1 is shown in Figure 19. 
Figure 19 GTP_IODELAY_E1 Functional block diagram 

GTP_IODELAY_E1 parameter description is shown in Table 54.. 


Table 54 GTP_IODELAY_E1 Parameter Description 


DELAY_STEP_VALUE integer 5'h0 ~ 5'h1F 5'h1F static delay control 
"PARAMETER" Delay control signal source selection: 
DELAY STEP SEL string "PORT" "PARAMETER" "PARAMETER" means static 


configuration, passing delay by 
DELAY STEP VALUE 

"PORT" means dynamic 
configuration, passing delay through 
DELAY STEP 


The СТР IODELAY ЕТ signal description is shown in Table 55. 


Table 55 СТР IODELAY E1 Signal description 


DI input 1 data input 
DELAY STEP input 5 Dynamic Latency Control 
do output 1 data output 


Different devices have different IOLDLY cell distributions, 


Table 56 lists the support of the IOLDLY unit for the Compact family of CPLD devices.. 


Table 56 Compact Series CPLD Device IOLDLY unit distribution 


PGC1K Bank2 
PGC2K Bank2 
PGC4K Bank2 
PGC7K Bank2 
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3. REALIZATION OF HIGH-SPEED DATA TRANSMISSION 


The I/O cells of the Compact family of CPLD devices work with ISERDES/OSERDES for high-speed 
data transfer. As a receiver, ISERDES supports the following functions: 


IDES4 (1:4) 
IDES7 (1:7) 
IDES8 (1:8) 
word alignment 
As a sender, OSERDES supports the following functions: 
OSER4 (4:1) 
OSER7 (7:1) 
OSERS (8:1) 


(1) High-speed data receiving interface 


1. Architecture description 


The I/O units of the Compact series CPLD devices are arranged in groups of 4, which are divided 
into A, B, C and D. These 4 1/0 units and 1 ISERDES form a high-speed data receiving interface. The 
connection block diagram of I/O unit and ISERDES is shown in Figure 20. 


In Figure 24, PADA corresponds to the P terminal of the odd pair of differential pins in the package 
user guide, PADB corresponds to the N terminal of the odd pair of differential pins, PADC corresponds 
to the P terminal of the even pair of differential pins, and PADD corresponds to the N terminal of the 
even pair of differential pins. 
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А/В раіг" 
€] шу 10 Buffer |4 
8-55: 10 Logic r 
> PADA 
4 IOLDLY 10 Buffer |4 
10 Logic < 
> PADB 
Fabric « ISERDES "om m E ощ A0 A 3 3 3, п 3 3. п п ои ощ ощ ищ ищ ощ ищ ищ оң п ощ а 
C/D pair = 
= IOLDLY 10 Buffer |4 
< В 10 Logic < 
* PADC 
*—— ——| owy lO Buffer’ № 
10 Logic le 
* PADD 


Figure 20 I/O Units with ISERDES Connection diagram 


2. Description of ISERDES 


The PDS software library provides dedicated primitives for users to use ISERDES units 
conveniently, and users can instantiate Ше GTP ISERDES E1 prototype module in source code 
(Verilog/VHDL). Take Verilog instantiation as an example: 

GTP ISERDES Е1# 


( 

.ISERDES MODE ("IDES4"), //"ІрЕ54","ІрЕ58","ІрЕ57" 
„685 EN("TRUE") //"TRUE", "FALSE" 
) gtp iserdes e1 inst ( 

.DI ( di ); 

.ICLK ( ісік ), 

«КЕСІК ( rclk ), 

-ALIGNWD ( alignwd ), 

«RST ( rst ), 

„00 ( do ) 

); 


The parameter description of СТР ISERDES ЕТ is shown in Table 57. 


https://innek.ru Compact Series CPLD Input Output Interface (IO) 
41/49 User Guide 


RYA 


3. Realization of high-speed data transmission 


Table 57 GTP_ISERDES_E1 Parameter Description 


PARAMETER NAME PARAMETER EFFECTIVE VALUE DEFAULTS FUNCTIONAL DESCRIPTION 
TYPE 
GRS_EN string "TRUE","FALSE" "TRUE" Global reset enable, "TRUE" means valid 
ISERDES_MODE string "IDES4", "IDES8", "IDES4" Serial Data Deserialization Mode 
"IDES7" 


The signal description of СТР ISERDES ЕТ is shown in Table 58. 


Table 58 GTP. ISERDES E1 Signal Description 


SIGNAL NAME | DIRECTION | WIDTH FUNCTIONAL DESCRIPTION 
In "IDES4" mode, DO | 7:4] is DIA deserialization data, DO | 3:0] is DIC 
do output 8 deserialization data In "IDES8" mode, DO [7:0] is DIA deserialization data 
In "IDES7" mode, DO [ 6:0] is DIA deserialization data 

DI input 1 Serial input data from PADA 

ICLK input 1 PADA serial data input clock 

RCLK input 1 PADA deserialization clock, from CLKDIVOUT of СТР IOCLKDIV E1 

ALIGN WD input 1 Word boundary alignment request signal of PADA, active high 
RST input 1 Reset signal of PADA , active high 


1 ISERDES can implement 2 IDES4 or 1 IDES7 or 1 IDES8. When ISERDES implements IDES4, only A 
and C of the 4 I/O units can be connected То ISERDES; when ISERDES implements IDES7 or IDES8, only 
A can be connected to ISERDES. According to different application requirements, the functions that 
can be realized by the four I/O units are shown in Table 59. 


Table 59 Receiver I/O Function Reference Table 


ISERDES MODE I/O UNITA 1/0 UNIT B I/O UNIT C I/O UNIT D 
IDES4 v v 
IDES8 1 v 
IDES7 v 


1. For MIPI application, ISERDES can only choose IDES8 


Only the Bank below supports ISERDES for CPLD devices, and the distribution of ISERDES for 
different devices is shown in Table 60. 


Table 60 ISERDES for different devices distribution list 


DEVICE NAME BANKS THAT SUPPORT ISERDES 
PGC1K Bank2 
PGC2K Bank2 
PGC4K Bank2 
PGC7K Bank2 


GTP ISERDES E1 is usually used together with GTP INBUF, GTP INBUFG, GTP INBUFDS апа 
GTP INBUFGDS. Taking GTP INBUFDS as an example, Figure 21 describes how GTP ISERDES ЕТ is 
connected to it. 
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IN BUFFER 


ALIGNWDA 


GTP_ISERDES_E1 DO[7:0] 


1 К ALIGNWDC 
к о ос 
1B : RCLKC 


DIE е RSTC 


| 


Figure 21 СТР ISERDES E1 common connection methods 
The following takes А/В pair as an example to introduce different working modes of ISERDES. 
> IDES4 


When ISERDES is configured as IDES4, its function diagram is shown in Figure 22. 


= | DO[7:4] 
ВСЮА —y IDES4 

ALIGNWDA — 
RSTA NN 


Figure 22 IDES4 block diagram 


In IDES4 mode, when adjusting the word boundary, the ALIGNWDA signal keeps high level for at 
least 2 ICLKA cycles; it can be asynchronous with ICLKA; if you want to traverse all word sequences, 
you need to send up to 8 ALIGNWDA request signals, each request will be Shifts the data one bit to 
the right. For example, if ALIGNWDA belongs to the RCLKA clock domain, 2 ALIGNWDA requests are 
sent, and the interval between 2 requests is 1 RCLKA clock cycle, the timing diagram of IDES4 is shown 


in Figure 23. 
RSTA 77 
DIA Ха ХЪ Хс Ха ХеХЕХЕХАХТХТ ХЕ ХТ Хм Хо Co ХрХахгХо ХЕХу ХуХиХхХу XZ ХАХВХСХОХЕХЕХЕХН ХТ ХТ Х 
ICLKA Г \ тх А ла 
mmm dm ни эле ал асла е ЖИ ааа mE ал аласа M stein 
мож | | 
ALIGNWDĄAĄ — RCLKA Г / \ / Л N / ирер" i 
йж - 1 
| D0[47] Хх аа Хеш хуш X nopq X ст X иж O ABCD УХ ЕЕСН| 
» ———————— ———— ——————— ——————— а ақса ааа 
| | 
auignwoa | "CA ` \ V 
“Ж 1 0047] а ор — X — uit с м хх р, 


Figure 23 IDES4 Timing Diagram 
> IDES7 


When ISERDES is configured as IDES7, its function diagram is shown in Figure 24. 
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DIA 


ICLKA > 
DO[6:0] 
ВСЮА IDES7 
ALIGNWDA mew 


RSTA 


Figure 24 IDES7 Function diagram 


In IDES7 mode, when adjusting the word boundary, the ALIGNWDA signal maintains a high level 
for at least 2 ICLKA cycles; it and ICLKA can be asynchronous; if you want to traverse all word 
sequences, you need to send up to 7 ALIGNWDA request signals, each request will be Shifts the data 
to the right two places. The timing diagram of IDES7 is shown in Figure 25. 


DIA Ева Хсха Хе CT ХЕХАХТХТХКХТ Xam ХАТ Хо Хр ХаХгХ5ХЕХПХуХиХхХухХ? ХАХВХСХОХЕХЕХОХНХТХТХКХТУХ 
ICLKA \ \. м ыы X ААА X \ \ “ X \ 
аа в ——————————————————————————————— саа | 


итик | | 


А 


wR 


Figure 25 IDES7 Timing гене 


> 10Е58 


When ISERDES is configured as IDESS, its function diagram is shown in Figure 26. 


DIA 


аа —y 


КСЮА — IDES8 
ALIGNWDA 


DO[7:0] 


RSTA 


Figure 26 IDES8 Function diagram 


In IDES8 mode, when adjusting the word boundary, the ALIGNWDA signal maintains a high level 
for at least 2 ICLKA cycles; it and ICLKA can be asynchronous; if you want to traverse all word 
sequences, you need to send up to 8 ALIGNWDA request signals, each request will be Shifts the data 
one bit to the right. The timing diagram of IDES8 is shown in Figure 27. 


Ak |ALIGNWDA | 
AUGNWDA.  RCLKA ————— RÀ 
йж | Doon и хо р Qt X zABCDEFG X 


М LLLI LII 
RCLKA 

AucNWDA | 

OR DO[0:7] X abrdefgh X— пор Х ДЕРЕ — COE = БИЛЕГИН ишь 


Figure 27 IDES8 Timing diagram 
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(2) High-speed data transmission interface 


1. Architecture Description 


Similarly, 4 1/О units share 1 OSERDES to form a high-speed data transmission interface. The 
connection block diagram of I/O unit and OSERDES is shown in Figure 28.. 


A/B pair | 
x 10 Buffer < 10 Logic « 
| PADA “~~ l 
l 10 Buffer < 10 Logic | 
PADB }¢——+ * 
| тавата | отв ж ны 
| C/D pair : 
| 10 Buffer « 10 Logic «“ 
5 PADC «— | 
^ 10 Buffer ч 10 Logic | 
| PADD }*—— ^ 
— п п шшш п п нын п п шш п п шш п п — п Ч 


Figure 28 I/O Units with OSERDES connection block diagram 


2. Description of OSERDES 


The PDS software library provides dedicated primitives for users to use OSERDES units 
conveniently, and users can 


Instantiate the СТР OSERDES E1 prototype module. Take Verilog instantiation as an example: 
GTP OSERDES Е1# 


( 

.OSERDES MODE ("OSERA"), //"OSER4","OSER8", "OSER7" 
.GRS EN("TRUE") //"TRUE", "FALSE" 

) Бір oserdes e1 inst ( 

JDI ( di ), 

.OCLK( oclk ), 

„КСК ( rclk ), 
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.RST ( rst ), 
.00 ( do ) 
); 


3. Realization of high-speed data transmission 


The parameter description of GTP. OSERDES E1 is shown in Table 61. 


Table 61 GTP. OSERDES E1 Parameter Description 


PARAMETER NAME PARAMETE EFFECTIVE VALUE DEFAULTS FUNCTIONAL DESCRIPTION 
R TYPE 
GRS EN string "TRUE" ,"FALSE" "TRUE" Global reset enable, "TRUE" means valid 
OSERDES MODE string "OSER4", "OSER8", "OSER4" Parallel Data Serialization Mode 
"ОБЕКТ" 


The signal description of СТР OSERDES ЕТ is shown in Table 62. 


Table 62 СТР OSERDES Е1 Signal description 


SIGNAL NAME | DIRECTION | WIDTH FUNCTIONAL DESCRIPTION 
DI input 8 input data in parallel 
In "OSER4" mode, DI[3:0] are valid . In "OSER8" mode, DI[7:0] are all valid . In 
"OSER7" mode, DI[6:0] are valid. 
do output 1 In "OSER4" mode, DOA is the serial data of DI[3:0] 
In "OSER8" mode, DOA is the serial data of DI[7:0] In "OSER7" mode, DOA is the 
serial data of DI[6:0] 
OCLK input 1 PADA serial data output clock 
RCLK input 1 Parallel data input clock for PADA 
RST input 1 Reset signal of PADA , active high 


1 OSERDES can realize 2 OSER4 or 1 OSER7 or 1 OSER8. When OSERDES implements OSER4, only 
A and C of the 41/0 units сап be connected to OSERDES; when OSERDES implements OSER7 or OSER8, 
only A can be connected to OSERDES. According to different application requirements, the functions 
that can be realized by the four I/O units are shown in Table 63.. 


Table 63 Sender I/O Function Reference Table 


OSERDES MODE I/O UNIT A I/O uNIT B I/O UNIT C I/O UNIT D 
OSER4 у у 
OSER8 1 у 
OSER7 у 


1. For МІРІ applications, OSERDES can only choose OSER8 


Only the Bank above supports OSERDES for CPLD devices, and the distribution of OSERDES for 
different devices is shown in Table 64. 
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Table 64 OSERDES for different devices distribution list 


PGC1K Вапко 
PGC2K Вапко 
PGC4K Вапко 
PGC7K Вапко 


GTP OSERDES ЕТ is usually used together with GTP_OUTBUF , GTP_OUTBUFDS , GTP OUTBUFCO 
, GTP_OUTBUFTCO , GTP_OUTBUFTDS and GTP_OUTBUFT . Taking GTP_OUTBUFDS as an example, 
Figure 29 describes the relationship between GTP OSERDES E1and it. 


GTP_OUTBUFDS 


DI[7:0] 
RCLKA 
RCLKC 
OCLKA 
OCLKC 
RSTA 
RSTC 


GTP OSERDES E1 


Figure 29 GTP. OSERDES E1 common connection method 


The following takes A/B pair as an example to introduce different working modes of OSERDES. 


> OSER4 


When OSERDES is configured as OSERA mode, its functional diagram is shown in Figure 30. 


DI[3:0] 


RCLKA 


OSER4 DOA 
OCLKA 


RSTA 
Figure 30 OSER4 Function Diagram 


The OSER4 timing diagram is shown in Figure 31. 


DOA ХХ X X X XX ХХ ХХ Хахвхсхахе X t X BX X i X TX kc 


Figure 31 OSER4 Timing Diagram 
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> OSER7 


When OSERDES is configured as OSER7 mode, its functional diagram is shown in Figure 32. 


DI[6:0] 


RCLKA 


OSER7 DOA 
OCLKA 


RSTA 


Figure 32 OSER7 Functional block diagram 


The OSER7 timing diagram is shown in Figure 33. 


RSTA N ——————————————————— 


DI[6:0] 


RCLKA 


оак С / XV / \_/ \_/ \_/ \_/ \_/ NI АХ И ХА NS NL 


Figure 33 OSER7 Timing diagram 


> OSER8 


When OSERDES is configured as OSER8 mode, its functional diagram is shown in Figure 34. 


01(7:0] 


те" ОЗЕВ8 DOA 


Figure 34 OSER8 functional block diagram 


The OSER8 timing diagram is shown in Figure 35. 


RSTA \ 
оЦ7:0) X hgfedcba X ponmlkji X 
RCLKA / MEE И 
OCLKA 
DOA JX X X X ХХ ХХ ХХ Х ХХ FX a Xb Xe XT Ke X FX ge XX 


Figure 35 OSER8 Timing diagram 
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4. CONTACTS 


Контакты для технических и коммерческих вопросов 
ООО «Инзк» 
г. Санкт-Петербург, ул. Яблочкова, д. 20, литер А, оф. 504 


contact@innek.ru 
+7 (812) 200-40-37 
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